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INTRODUCTION
A congenital extrahepatic portosystemic shunt
(CEPS) is an uncommon abnormality. One of the
earliest descriptions about this abnormality was
made by Abernethy in 1793 (1). Murray, et al. dem-
onstrated there were only 61 reported patients with
CEPS until 2003 (2). Gitzelmann, et al. screened
145,000 newborns for hypergalactosemia and dis-
covered 4 babies with type 2-CEPS (3). With the
advancement of diagnostic modalities, there have
been an increasing number of reported patients with
CEPS recently (4). However, as of yet, the precise
incidence was unknown. These shunts are classified
into 2 types. A type 1-shunt is an end-to-side one
with which the portal vein terminates in the IVC,
whereas a type 2-shunt is a side-to-side one with
which there is a venous communication between a
portal and a systemic circulation (5). A patient with
type 1-shunt cannot be treated by a shunt division
because of the lack of the portal vein into the liver.
On the other hand, a patient with type 2-shunt may
be treated by a simple shunt division because a por-
tal venous circulation into the liver exists. So far,
there have been only several case reports on the re-
sults of shunt occlusion for such patients (6 -14). Be-
cause of its rarity, it is difficult to assess the true ef-
fectiveness of a shunt ligation on patients with type
2-CEPS.
Here, we present 4 children with type 2-CEPS
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treated by a simple surgical shunt division in our
hospital, especially focusing on laparoscopic surgery,
and the effects of such treatment on these children.
PATIENTS AND METHODS
Patients
Between June 2002 and June 2008, four children
with type 2-CEPS were admitted to our hospital to
undergo surgery for this abnormality. All the four
children were male. The mean age and the mean
body weight on admission were 18.3 months (range ;
2-31) and 10.6 kg (range ; 4.6 -14.4), respectively
(Table 1). They were found to have hypergalacto-
semia by neonatal mass screening, but the activi-
ties of galactokinase, galactose-1-phosphate uridyl-
transferase and uridine diphosphate galactose 4’ -
epimerase were within normal. Further examina-
tions including 3 dimensional-CT and angiography
revealed the children had type 2-CEPS. Two chil-
dren had another abnormality. One had hydroneph-
rosis and the other had pulmonary arterial stenosis.
The shunts existed between the portal vein and
the left renal vein in Child 1, between the splenic
vein and the left renal vein in Child 2, between the
portal vein and the inferior vena cava in Child 3, and
between the superior mesenteric vein and the left
renal vein in Child 4. The representative angiogra-
phy of Child 2 is shown in Fig. 1A. Shunt ratios
were determined by portal scintigraphy using 123I -
iodoamphetamine per rectum (7). The ratios were
calculated as follows : counts obtained in the lung di-
vided by total counts obtained in the liver and lung.
The mean shunt ratio was 71% (range ; 53.5-78.1,
normal5) (Table 2).
A
B
Fig. 1. Representative angiography (A) and operative image
(B) of a type 2-congenital extrahepatic portosystemic shunt.
(A) A shunt between the splenic vein and the left renal vein in
Child 2. A catheter from the right femoral vein was introduced
into the splenic vein via the shunt. White arrow indicates the
splenic vein. Arrow heads indicate the portosystemic venous
shunt between the splenic vein and the left renal vein. (B) An
operative image of the shunt through a laparoscope. The shunt
between the splenic vein and the left renal vein are visualized.
Table 1. Children’s characteristics on admission
Child Age Body weight(kg) Hepatic encephalopathy Developmental delay Other abnormalities
1 2y7m 14.4 None None None
2 1y11m 13.9 None None Hydronephrosis
3 1y7m 9.5 None None Pulmonary artery stenosis
4 2m 4.6 None None None
Table 2. Preoperative data
Child Shunt anatomy Shunt ratio(%)
Serum ammonia
(normal range ; 12- 66 μg/dl)
Serum total bile acids
(normal range ; 2.9 -11.0 μmol/L)
1 PV-LRV 75.0 77 65.7
2 SPV-LRV 53.5 69 45.2
3 PV-IVC 77.7 93 87.0
4 SMV-LRV 78.1 92 98.1
PV, portal vein ; LRV, left renal vein ; SPV, splenic vein ; IVC, inferior vena cava ; SMV, superior mesenteric vein
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All the parents of these children were given a writ-
ten informed consent preoperatively. We previously
reported on Child 3 as a case report (8).
Statistical analysis
Data are expressed as a meanSD. Statistical sig-
nificance was defined as P0.05. Two dependent
variables were compared using paired t test. Statisti-
cal analyses were performed using Stat View 5.0J
software (Abacus Concepts Inc., Berkeley, CA).
RESULTS
Operation results
Child 1 and 2 underwent a laparoscopic shunt di-
vision. A representative image through a laparo-
scope in the operation of Child 2 is shown in Fig.
1B. Child 3 had an open laparotomy because the
patent portal vein was not visualized on preoperative
evaluation and we thought direct inspection of the
portal system was inevitable. By direct inspection
of the abdominal cavity and monitoring the portal
pressure, we could safely divide the shunt. The la-
paroscopic surgery on Child 4 was converted to
open surgery, which was due to uncertainty about
the patent portal flow because the spleen was mark-
edly swollen after shunt ligation. Child 2 had a pro-
longed hospital stay after operation because another
treatment for hydronephrosis was needed which
was performed in the urologic department. The re-
sults of each operation are summarized in Table 3.
There were no major complications after surgery
and the children had a good clinical course during
the follow-up periods (range ; 6 -78 months).
Improvement of serum parameters
Serum levels of ammonia (normal range ; 12- 66
μg/dL) and total bile acids (normal range ; 2.9 -11.0
μmol/L) significantly decreased to the normal lev-
els within a month after surgery as compared to pre-
operative levels (82.611.7 vs. 30.310.4 μg/dL,
74.023.4 vs. 5.22.7 μmol/L, respectively) (Fig.
2A, B).
A B
Fig. 2. Changes of serum levels of ammonia (A) and total bile acids (B).
The serum levels of ammonia and total bile acids significantly decreased to the normal levels within a month after surgery as com-
pared to the preoperative levels.
Table 3. Operation results
Child Operation type Operationtime (min)
Blood loss
(ml)
Hospital
stay after
operation
(day)
Complication
1 Laparoscopic 330 5 9 None
2 Laparoscopic 310 5 33 None
3 Open 320 16 11 None
4 Laparoscopic to Open 457 20 14 None
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DISCUSSION
We have shown a simple shunt division could be
performed on 4 children with type 2-CEPS without
any major complications and resultant normalization
of serum parameters.
With the current advancement of diagnostic mo-
dalities and mass screening of newborns, especially
in Japan, there are an increasing number of reported
cases of CEPS (4). Because CEPSs may not be as
rare as thought in the past, it should be included in
the differential diagnoses of encephalopathy in chil-
dren with hyperammonemia or hypegalactosemia.
Finding a shunt presents a potentially curable cause
for brain dysfunction.
Because patients with a type 1-CEPS lack the pat-
ent portal vein, shunt occlusion is contraindicated.
In such patients, liver transplantation is the only po-
tentially curative treatment (6, 15, 16). On the other
hand, in type 2 patients, there is a possibility that a
patient can enjoy a favorable life without any con-
sequences by a simple shunt occlusion. Uchino, et
al. identified 51 cases of congenital portosystemic
shunt in Japan ; 34 of the intrahepatic type and 17
of the extrahepatic type, of which spontaneous clo-
sure was occurred only in the intrahepatic type, but
not in the extrahepatic type (17). If patients with
CEPS are left untreated, they will sustain various
consequences such as repeated encephalopathy (7,
18), neurocognitive dysfunction (14), pulmonary hy-
pertension (19), hepatopulmonary syndrome (9),
cataract (3), liver atrophy (16), liver tumors (10, 14)
and so on. Eroglu, et al. reported damage incurred
during development in childhood could reduce the
functional capacity of the adult (14). These shunts
should be preemptively occluded by either surgical
or radiological intervention after ruling out severe
associated anomalies such as cardiac defects or mal-
development of the intrahepatic portal as well as he-
patic veins (4, 6, 7).
The surgical shunt divisions are performed by
either conventional open surgery (6 -10) or laparo-
scopic surgery (11), whereas the nonsurgical inter-
ventional shunt occlusions are performed using vari-
ous devices (7, 12-14). There are the pros and cons
of each intervention. Nonsurgical radiological inter-
vention for type 2-CEPS is very attractive because
of less invasiveness than other approaches. Besides,
it makes staged occlusive procedures possible to
permit the portal system to adjust to its new hemo-
dynamic status. However, there are a few weak
points in this approach. Dislodgement of coils into
the systemic circulation is a possible risk and oc-
cluded shunts may be recanalized. Also, we cannot
confirm whether there is any macroscopic appear-
ance of serious blood congestion in the intestine.
Open surgery is considered the most secure method
for shunt closure in spite of its invasiveness. We
can directly inspect those shunts and make sure
whether there is any serious blood congestion in the
intestine after temporary shunt closure. Shunt divi-
sion can be achieved very easily and recanaliza-
tion of the shunt cannot be possible. Most patients
with type 2-CEPS, however, are so young that we
should minimize the invasiveness of this treatment.
Currently, the application of laparoscopic surgery to
various diseases has been dramatically expanding
even in pediatric surgery. Although technically de-
manding, this approach is far less invasive than open
surgery. We can visualize those shunts and confirm
gross appearance of the intestine, the liver and the
spleen through a monitor. With the recent develop-
ment of instruments and devices in the field of la-
paroscopic surgery, most type 2-CEPSs are consid-
ered amenable to this approach. We attempted this
approach on three cases, two of which were com-
pleted laparoscopically and the other was converted
to open surgery because of remarkable congestion
of the spleen and uncertainty of the patent portal
flow. To the best of our knowledge by reviewing lit-
eratures (Table 4), our cases are the youngest ones
treated by laparoscopic surgery. It is needless to say
that the children who underwent laparoscopic sur-
gery recovered faster after surgery.
Ikeda, et al. reported one child with type 2-CEPS
whose hepatic veins later revealed to have been
poorly developed. After ligation of this child’s shunt,
severe liver congestion and ascites appeared, which
necessitated releasing the ligation (7). Before per-
manent shunt closure, a test clamp should be ap-
plied to a shunt to confirm there is no steep increase
Table 4. Reported laparoscopic division of type 2-CEPS
Author Year Age(year-old) Gender
Kimura, et al.(11) 2004 8 Male
3 Female
Yamaguchi, et al.(20) 2007 54 Female
Seaman, et al.(21) 2008 48 Male
Nii, et al. (present report) 2009 2 Male
1 Male
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of the portal pressure. If the intrahepatic portal sys-
tem is considerably hypoplastic, portal hypertension
may result from abrupt changes in portal circulation.
Severe portal hypertension may cause new collateral
vessel formation as seen in cirrhotic patient (10).
We should not sever those shunts so that occluded
shunts can be released in case of fatal blood con-
gestion in the portal circulation.
In conclusion, we strongly advocate an occlu-
sion of type 2-congenital extrahepatic portosystemic
shunts even if the patients are asymptomatic, be-
cause children with such shunt will suffer various
consequences by leaving this abnormality untreated.
Laparoscopic shunt division will become a standard
treatment for such abnormality.
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